CONTEXT AND OBJECTIVE: Exposure to air pollutants is one of the factors responsible for hospitalizations due to respiratory diseases. The objective here was to estimate the effect of exposure to particulate matter (such as PM 2.5 ) on hospitalizations due to certain respiratory diseases among residents in Volta Redonda (RJ). DESIGN AND SETTING: Ecological time series study using data from Volta Redonda (RJ). METHODS: Data on hospital admissions among residents of Volta Redonda (RJ), between January 1, 2012, and December 31, 2012, due to pneumonia, acute bronchitis, bronchiolitis and asthma, were analyzed. Daily data on PM 2.5 concentrations were estimated through the CCATT-BRAMS model. The generalized additive Poisson regression model was used, taking the daily number of hospitalizations to be the dependent variable and the PM 2.5 concentration to be the independent variable, with adjustment for temperature, relative humidity, seasonality and day of the week, and using lags of zero to seven days. Excess hospitalization and its cost were calculated in accordance with increases in PM 2.5 concentration of 5 µg/m 3 . RESULTS: There were 752 hospitalizations in 2012; the average concentration of PM 2.5 was 17.2 µg/m 3 ; the effects of exposure were significant at lag 2 (RR = 1.017), lag 5 (RR = 1.022) and lag 7 (RR = 1,020). A decrease in PM 2.5 concentration of 5 µg/m 3 could reduce admissions by up to 76 cases, with a decrease in spending of R$ 84,000 a year. CONCLUSION: The findings from this study provide support for implementing public health policies in this municipality, which is an important steelmaking center.
INTRODUCTION
Hospitalizations due to respiratory diseases may result from acute exposure to air pollutants, among other causes. These pollutants are generated by natural sources or anthropogenic sources, and these sources are classified as stationary sources such as power plants and industries, and mobile sources, represented mainly by the vehicle fleet.
In 2012, 1.3 million hospitalizations due to respiratory diseases (chapter 10 of the International Classification of Diseases, ICD, 10 th revision) occurred in Brazil. These gave rise to expenditure of approximately R$ 1.2 billion; of these, 64,000 hospitalizations were in the state of Rio de Janeiro, with an expenditure of R$ 55 million (US$ 1 ≈ R$ 2.00 at that time). 1 Several factors, such as low birth weight, parental smoking, lack of breastfeeding, in addition to the effects of exposure to air pollutants are known to be associated with pneumonia. 2, 3 Studies in Brazil, both in large cities and in medium-sized cities, have shown that respiratory diseases other than pneumonia are noticeably influenced by the effects of exposure to air pollutants, such as particulate matter less than 10 microns in aerodynamic diameter (PM 10 ), nitrogen dioxide (NO 2 ), sulfur dioxide (SO 2 ), ozone (O 3 ) and carbon monoxide (CO), thereby leading to hospitalizations. [4] [5] [6] [7] [8] These pollutants are usually quantified through monitoring which the first level is from ground level to 40 meters above the ground, and this method has already been validate. 10 Fine particulate matter (PM 2.5 ), which accounts for 60 to 70% of PM 10 , 11 along with carbon monoxide (CO), nitrogen oxides, ozone and volatile organic compounds (VOCs), are the pollutants for which concentrations are estimated through the model. These records are estimated every three hours, daily.
The application of data estimated through this model can be seen in studies developed in Brazil that have correlated exposure to PM 2.5 with hospitalizations due to pneumonia, other respiratory diseases and cardiovascular diseases. 5, [12] [13] [14] The importance of studying how exposure to this pollutant can act on human health comes from the fact that, because of its aerodynamic diameter (less than 2.5 microns), it can remain suspended in the air for a longer time and thus be transported over longer distances and also reach deeper portions of the respiratory system.
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OBJECTIVE
The aim of this study was to estimate the effects of exposure to PM 2.5 in hospitalizations due to pneumonia, acute bronchitis, bronchiolitis and asthma in Volta Redonda (RJ), using data estimated through CCATT-BRAMS.
METHOD
This was an ecological time series study with data on hospital- by the average financial cost of each hospital admission due to respiratory disease, which was also obtained through DATASUS.
The Statistica software was used for the analysis and the significance level used in the analysis was alpha = 5%.
RESULTS
There were 1560 admissions due to all respiratory diseases in Volta Redonda (RJ), over the study period, and these cost Table 2 . There was no correlation between the number of hospitalizations and the PM 2.5 concentrations, but these concentrations were significantly correlated with the temperature and relative humidity values.
The values of the coefficients and their standard errors, obtained through Poisson regression using lags of 0 to 7 days, are shown in Table 3 . The effects of exposure to PM 2.5 were seen to be 
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This increase in PM 2.5 concentration was found to result in a significant increase of up to 9 percentage points in the risk of hospitalization due to pneumonia, acute bronchitis, bronchiolitis and asthma. The relative risks according this increase were RR = 1.09
for lag 2 and RR = 1.11 for lag 5 and lag 7, and all of these were statistically significant (P-value < 0.05).
A decrease in PM 2.5 concentration of 5 µg/m 3 would, according to the calculation of the population attributable fraction, entail a decrease of 76 hospitalizations. This would lead to savings of around R$ 84,000 per annum, given that the average cost of hospitalization due to these diseases was R$ 1100.00. It should be noted that this reduction in costs related only to hospitalization due to pneumonia, acute bronchitis, bronchiolitis and asthma.
DISCUSSION
This study, even though it only comprised a one-year time series, showed the relevance of exposure to fine particulate matter, i.e. PM 2.5 , in hospitalizations due to pneumonia, acute bronchitis, bronchiolitis and asthma among people living in Volta Redonda (RJ), which is an important national steelmaking center. Furthermore, it showed that a reduction in the concentration of this pollutant could lead to decreased numbers of hospitalizations and costs to the health system. 17 This pollutant is generated mainly by stationary sources in the case of Volta Redonda, but the vehicular fleet also provides a contribution, given that this city has intense traffic of heavy vehicles crossing the city, because it is an important link between two major highways.
The findings from our study show the deleterious effect of exposure to PM 2.5 through hospitalizations due to pneumonia, acute bronchitis, bronchiolitis and asthma, in all age groups.
The effect was statistically significant on the second, fifth and seventh days after exposure, with relative risks of between 1.017 and In a study using similar methodology, with data estimated through CCATT-BRAMS, in which the study population consisted of children and the average PM 2.5 concentrations were of the order of 28.6 µg/m 3 , the relative risk was 1.009 (95% CI:
1.001-1.017). 5 Another study used data from CCATT-BRAMS but included all diseases in chapter 10 of the ICD 10 th revision (codes J 00-J 99) and included children under the age of 5 years and elderly people aged over 65 years who were admitted to hospitals affiliated to the Brazilian National Health System in Cuiabá, state of Mato Grosso. This study showed that exposure to PM 2.5 had an influence on hospitalizations due to respiratory disease among children under 5 years of age. 18 Another study on exposure to PM 2.5 generated by biomass burning and hospitalizations due to respiratory diseases among children and the elderly, which was conducted in two regions The data accumulated relating to lags of 3 to 5 days showed that the risk increased by 8%. 12 The CCATT-BRAMS model was also used to estimate the PM 2.5 concentration in this study. Likewise, a study in Taubaté, SP, which has a population similar to that of Volta Redonda, also found an association between exposure to PM 2.5 , at concentrations similar to those of Volta Redonda, and hospitalizations due to pneumonia and asthma among children. 13 Chronic and sub-chronic exposure to fine particulate matter, among other pollutants, was shown to be a risk factor for hospitalization due to acute bronchiolitis among children in California. 19 Using logistic regression, those authors showed that there was an association between exposure to PM 2.5 and the outcome of hospitalization due to acute bronchiolitis; and that an increase in PM 2.5 concentration of 10 µg/m 3 increased the odds of hospitalization by 9% (95% CI: 1.04-1.14). This allowed the authors to suggest that bronchiolitis was one of the adverse effects of exposure to Sheffield et al. 21 in the United States found that a 7% decrease in PM 2.5 levels could result in savings of $ 15 million a year.
These authors worked with information from the Nationwide Inpatient Sample relating to the period between 1999 and 2007.
There were more than 70 million hospitalizations and 160,000
children under one year of age with a diagnosis of bronchiolitis.
Recently, a study on the role of air pollutants carried out in Volta Redonda found that exposure to these pollutants was responsible for 6% of 5,000 hospitalizations due to diseases in chapter 10 of the ICD-10 between 2005 and 2007, at a cost of $ 170,000 to SUS. 22 Using the disability adjusted life years (DALY) methodology in relation to reduction of financial cost, exposure to particulate matter was correlated with costs associated with mortality amounting to US$ 1.7 billion annually in 29 metropolitan areas in Brazil. 23 Ostro and Chestnut 24 calculated that there would be sav- Although the number of hospitalizations in the present study was small, it has to be borne in mind that these related only to hospitalization due to pneumonia, acute bronchitis, bronchiolitis and asthma in all age groups, in a city with around 260,000 inhabitants that was served by SUS hospitals. The damaging effects from exposure in the adult population that led to hospitalization caused by other diseases of the circulatory system, such as hypertension, myocardial infarction and stroke, also has to be taken into consideration.
The mechanisms that lead to pulmonary illnesses are so far poorly understood. Pulmonary and systemic oxidative stress seem to be plausible hypotheses. 26 Studies have shown that these illnesses involve release of inflammatory mediators, spinal cord stimulation that releases leukocytes and platelets and increased levels of C-reactive protein. Exposure to particulate matter when forest fires occur leads to release of neutrophils and monocytes in addition to production of cytokines by alveolar macrophages.
Particulate matter can impair superoxide production by alveolar macrophages, thereby compromising the ability of the lungs to eliminate some of the respiratory tree pathogens. were not included. Another factor that may be considered to be a limitation was that the subjects were not distinguished according to age groups, e.g. as children or elderly people, as done in other studies. Nonetheless, among the total number of hospitalizations shown in our study, 84% were among individuals aged 0 to 10 and over 50 years.
It needs to be pointed out that DATASUS does not provide information about factors associated with the diseases studied here, or about comorbidities. The concentrations were found to be homogeneous throughout the city, and thus exposure to pollutants was assumed to be homogeneous. The pollutant levels were obtained by means of mathematical modeling and good correlation between these data and real data has been identified, 10 but there may have been some degree of uncertainty concerning the estimation of these data. Nonetheless, it needs to be remembered that use of these data has been recorded in several recent articles 5, [12] [13] [14] and was very adequate, with few gaps in quantifying the values.
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One positive aspect of the present study was that it identified the contribution of exposure to PM 2.5 , which has been little studied in Brazil, towards the number of hospitalizations. The study showed that decreasing the concentration of this pollutant may lead to reduction of the financial cost. DATASUS is an official source of information that has been widely used in studies on the effects of exposure to air pollutants and consequent illnesses and is a trusted source.
CONCLUSION
This study has shown that a decrease in PM 2. 
